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(54) In-system programming with two wire interface 



(57) Program data generated by the host system to 
be used in programming one or more associated IS- 
PLDs is converted using a first interface from a parallel 
data format to a serial data string and then transmitted 
serially to a second interface. In one embodiment, the 
first and second interfaces employ Universal Asynchro- 
nous Receiver/Transmitter (UARTs). The receiving unit 
converts the serial program data string to a parallel data 
byte which is then provided to the programming pins of 
the ISPLD desired to be programmed. Signals indicative 
of information relating to the operation of one or more 
of the ISPLDs associated with the host system may be 



provided to the host system via pin SDO of the asserted 
ISPLD. In this manner, embodiments in accordance with 
the present invention may utilize a two-wire transmis- 
sion scheme, and thus two-wire interfaces, to facilitate 
programming of the associated ISPLDs. Having the ca- 
pability to utilize a two-wire transmission scheme, in 
turn, allows ISPLDs in accordance with the present in- 
vention to be programmed using wired transmission 
schemes such as for instance coaxial, twisted pair, and 
coaxial as wells as wireless transmission schemes such 
as for instance radio frequency (RF) and infrared radia- 
tion (Ir). 
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Description 

Background of the Invention 

s 1 . Field of the Invention 

The present invention relates to the design of programmable logic devices and, in particular, relates to the pro- 
gramming of programmable logic devices. 

10 2. Discussion of the Related Art 

Unlike a conventional programmable logic device, an in-systernprogrammable logic device (l^PLD l may be re- 
programmed in its application without removal from the circuit board. Some ISPLD devices, such as those available 
from Lattice Semiconductor Corporation, Hillsboro, Oregon, can be reprogrammed using an operating power supply 

is rather than a high programming voltage. The method of reprogramming an ISPLD in place is known in the art as in- 
system programming (ISP). Figure 1 shows an idealized pin-out of a typical ISPLD 5. As shown in Figure 1, ISPLD 5 
comprises a number of input-only pins (l 1( l 2 .... I n ), a number of programmable input/output pins (VO v l/0 2 ,...,l/O m ), 
power (VCC) and ground (GND) pins, and a set of four ISP pins (SDI, SDO, SCLK, and MODE). 

To reprogram ISPLD 5 using ISP, a host system including a microprocessor or microcontroller and a signal source 

20 (which is well known and thus not shown for simplicity) converts the desired programming parameters into a JEDEC 
file using a design tool such as Synario/pDS available from Lattice Semiconductor Corporation. This JEDEC file is then 
converted to a binary file such as for instance an ispSTREAM file using software such as JED2ISP Conversion Utility 
available from Lattice Semiconductor Corporation. In response to this ispSTREAM file, an isp signal source provides 
programming data and programming control signals to ISPLD 5 at pins SDI, SCLK, and MODE, respectively, and 

25 receives signals from ISPLD 5 indicative of for instance programming verification or self -test at pin SDO. Typically, 
where for example the host system is a PC-based machine, an 8-bit parallel port serves as the interface between the 
host system and ISPLD 5. In such cases, where only four of the 8-bits of the parallel port are utilized, ISPLD 5 is said 
to employ a four-wire interface. 

In the ISP mode, a state machine within ISPLD 5 having numerous states takes over control of the programming 

30 activities. Programming data generated by the host system is input serially into the program memory of ISPLD 5 over 
the serial input pin SDI via the parallel interface. The rate of serial input is 1-bit per clock period. A clock signal is 
provided on pin SCLK when the ISP mode is entered. Each ISPLD 5 can in a mode operation referred to as Flowth rough 
mode provide on its output pin SDO data received from its serial input pin SDL In this manner, a number of ISPLDs 5 
may be "daisy-chained" together by tying the serial input pin SDI of one ISPLD 5 to the serial output pin SDO of another 

35 ISPLD 5. Any ISPLD 5 in the daisy chain can be re-programmed by providing the new program to the serial input pin 
SDI of the first ISPLD 5, where the data is then provided to the ISPLD 5 desired to be programmed by shifting the data 
through intervening ISPLDs 5 (which are placed in Flowth rough mode) in the daisy chain. 

In-system programming techniques for ISPLDs employing a four-wire ISP parallel interface such as ISPLD 5 are 
discussed further in U.S. Patents 4,855,954 (entitled "In-system Programmable Logic Device with Four Dedicated 

40 Terminals" to Turner et al r issued August 8, 1989), 4,761 ,768 (entitled "Programmable Logic Device", to Turner et at, 
issued August 2, 1988), and 4,896,296 (entitled "Programmable Logic Device Configurable I/O Cell", to Turner et al, 
issued Jan 23, 1990). 

More recent ISPLDs reduce total pin overhead by employing only one dedicated programming pin, e.g. the in- 
system programming or ispEN pin. When an enabling signal associated with the ispEN pin is asserted, this ISPLD 

45 enters a programming mode. The additional in-system programming pins (SDI, SDO, SCLK, and MODE) referred to 
above are made available by multiplexing pins which are normally, i.e., when not in programming mode, input/output 
pins. In-system programming may thus be implemented at the cost of onfy a single dedicated pin. For a more detailed 
explanation of programming techniques using onfy one dedicated programming pin ispEN, see U.S. Patent 5,237,218 
(entitled "Structure and Method for Multiplexing Pins for In-System Programming", to Josephson et al, issued August 

50 17, 1993), hereby incorporated by reference. Note that when ISPLDs having a dedicated programming pin ispEN are 
in a programming state, the use of five pins (ispEN, SDI, SDO, SCLK, and MODE) are required. Accordingly, such 
ISPLDs require a five-wire interface. 

It is thus desirable to implement a system capable of providing program data to and receive response data from 
a PLD using a two-wire transmission means. In this manner, transmission techniques such as standard telephone lines 

55 and wireless communications may be employed to remotely program the ISPLD. 
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Summary 

A structure and a method to implement programming of an in-system programmable logic device using only a two- 
wire interface is disclosed. In accordance with the present invention, program data generated by the host system to 
s be used in programming one or more associated ISPLDs is converted using a first interface from a parallel data format 

tO a-« w»rial H^t-a ctring anri thnn tr an T iml Hm > v*wally tr> aj.nnnnri ii ^r i r f nra rATft j x/ing unjt. In One embodiment, the first 

and second interfaces employ Universal Asynchronous Receiver/Transmitter (UARTs). The receiving unit converts the 
serial program data string to a parallel data byte which is then provided to the programming pins of the ISPLD desired 
to be programmed. Signals indicative of information relating to the operation of one or more of the ISPLDs associated 

10 with the host system such as for instance device serf-tests and verification of programming may be provided to the 
host system via pin SEX). Thus, embodiments in accordance with the present invention may utilize a two-wire trans- 
mission scheme, and thus two-wire interfaces, to facilitate programming of the associated ISPLDs. Having the capability 
to utilize a two-wire transmission scheme, in turn, allows ISPLDs in accordance with the present invention to be pro- 
grammed using wired transmission schemes such as for instance coaxial, twisted pair, and coaxial as wells as wireless 

is transmission schemes such as for instance radio frequency (RF) and infrared radiation (Ir). 

Brief Description of the Drawings 

Figure 1 is an idealized pin-out diagram of a conventional in-system programmable logic device (ISPLD) having 
20 dedicated programming pins SDI, SDO, SCLK, and MODE; 

Figure 2 is a block diagram of an interface system including an ISPLD in accordance with one embodiment of the 
present invention; 

Figures 3A and 3B are timing diagrams illustrating signals associated with various programming pins of an ISPLD 
during the transmission of serial data to an ISPLD and the reception of serial data from an ISPLD in accordance 
25 with the present invention, respectively; and 

Figures 4-8 are block diagrams illustrating various programming schemes in accordance with the present invention. 

Detailed Description 

30 Embodiments in accordance with the present invention are discussed below in the context of ISPLD configured 

in a manner consistent to use five ISP signals during programming (i.e. ISP enable, serial data in, serial data out, 
mode, and shift clock) at associated respective pins ispEN, SDI, SDO, MODE, and SCLK. It is to be noted, however, 
that those skilled in the art will, after reading the disclosure below, be readily able to apply the teachings herein to 
ISPLDs utilizing a different number of ISP programming signals and/or pins during programming, such as for instance 

35 the four-wire ISPLD 5 of Figure 1 . Further, it is to be understood that the ISPLD 40 shown in Figure 2 and discussed 
below is representative of any suitable PLD, including those employing EPROM, EE PROM, and Flash memory cells. 
For convenience, those elements common to various illustrative embodiments discussed bebw are similarly labelled. 

Referring now to Figure 2, an ISP signal source 1 0 contained in a suitable host system such as for instance a PC 
CJjJNiXflQa chine generates the programming, signals associated with pins ispEN , SDI, SCLK, and MODE of an ISPLD 

40 40 in a well known manner. These signals are provided in parallel format e.g. a parallel byte to an interface 20 via a 
five-wire interface bus 11 which may in other embodiments include a greater number of wires. Interface 20 converts 
this parallel byte to a half duplex or full duplex serial data string, and then transmits this ser ial data string-to a-haH 
duplex or full duplex interlace lib via one line of a two-wire serial tr ansmission in terface 21, 2 2. For convenience, 
emulation code used in one embodiment for converting parallel data to serial data is provided in an Appendix attached 

45 hereto. Interface 30, in turn, receives the serial string and converts t he serial data string into parallejj prm and, in this 
manner, provides the ISP programming signals to respective pins ispEN, SDI, SCLK, and MODE of ISPLD 40 via five- 
wire interface bus 31 , which in other embodiments may include a greater number of wires. 

Signals indicative of information relating to the operation of ISPLD 40 such as for instance device self-tests and 
verification of programming may be provided from ISPLD 40 to interface 30 as serial data on pin SDO. Interface 30 

50 converts the serial data string associated with pin SDO of ISPLD 40 into a serial format consistent with that employed 
in transmitting data from interface 20 to interface 30 via wire 21 . This conversion ensures that data may be transmitted 
from both interface 20 to interface 30 and from interface 30 to interface 20 according to the same transmission protocol. 
Once converted, this serial data string indicative of the signals at pin SDO is transmitted to interface 20 via another 
line 22 of the aforementioned serial transmission interface 21 , 22. Once received by interface 20, the serial data stream 

55 is converted to parallel format and provided to signal source 10 via bus 11 . 

Thus, unlike conventional programming schemes for ISPLDs which require a transmission means having a mini- 
mum of four or five wires, the above described embodiment allows ISPLD 40 to be programmed and/or reprogrammed 
using only a two-wire transmission scheme. Present embodiments, by allowing ISPLDs 40 to be programmed and/or 
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reprogrammed using a two-wire transmission scheme, are thus able to take advantage of not only various superior 
two-wire serial transmission schemes such as coaxial, ethernet, conventional phone lines, and fiber optics but also 
wireless transmission schemes such as infrared and RR Further, two-wire transmission schemes in accordance with 
the present invention reduce the programming interface pin overhead on the PLD while allowing for increased pro- 

5 gramming flexibility (i.e., programming via network, remote programming via telephone etc, and wireless programming 
of system where physical connections between the host system and ISPLD 40 is not feasible). 

In some embodiments, interfaces 20 and 30 each employ a Universal Asynchronous Receiver/Transmitter (UART). 
Signals to be provided to ISPLD 40 may be transmitted between interfaces 20 and 30 according to the RS-232C 
standard transmission protocol which requires a start bit, 8 data bits, and one stop bit, although other serial transmission 

10 protocols may be used. Interfaces 20 and 30 also include a well-known logic circuit which detects when data is received, 
pauses a predetermined amount of time before transmitting data, and commences the transmission of data. This logic 
circuit may be in the form of a discrete logic circuit attached to the UART, or in some embodiments may be an ISPLD 
from Lattice Semiconductor which has been programmed or integrated into a circuit to implement such transmission 
protocol control functions. 

is In other embodiments, interfaces 20 and 30 may include an Intel 8051 microprocessor having built-in UART ca- 

pabilities. Employing an 8051 processor in such a manner albws interfaces 20 and 30 to implement additional functions 
such as variable transmission rates for multiple interfaces. Note that in yet other embodiments other well known tech- 
niques may be employed in interfaces 20 and 30 to convert parallel data into a serial data string and to convert a serial 
data string into parallel data. 

20 When programming ISPLD 40, programming data generated by signal source 10 is grouped into data strings for 

serial transmission by interface 20. For each possible transition on one of the programming pins ispEN, SDI, SDO, 
SCLK, and MODE, a corresponding data string is loaded into a serial shift register within interface 20 and then serially 
transmitted to interface 30. In response thereto, interface 30 captures the data string and latches the data string in its 
parallel register. The time delay typically associated with latching the programming data in the parallel register allows 

25 ISPLD 40, or in some embodiments an attached daisy chain of ISPLDs 40, to respond to the signals associated with 
the next program data string. Data indicative of ISPLD 40's current status such as for instance self-test results or 
programming verification is provided to interface 30 by ISPLD 40 via pin SDO. Interface 30 converts this data to a 
serial data stream and transmits this data stream to the host system e.g. signal source 10 in a manner consistent with 
that discussed above. Once the data is received at the host system, signal source 10 causes the next segment of data 

30 to be transmitted to ISPLD 40. The timing diagrams shown in Figures 3A and 3B illustrate the relationship between 
the signals associated with pins ispEN, MODE, SDI, SCLK, and SDO when transmitting and receiving, respectively, 
serial data. Figure 3A illustrates segmenting parallel data for serial transmission to ISPLD 40, where the signals on 
pins MODE and SDI are clocked by the signal on pin SCLK. Figure 3B illustrates segmenting parallel data from ISPLD 
40 for serial transmission back to signal source 10 for verification. The data on pins SDO is clocked by the signal on 

35 pin SCLK. 

In some embodiments, interface 30 may be implemented within ISPLD 40, thereby eliminating the need for a serial 
controller on the board associated with ISPLD40. In such embodiments, ISPLD 40 would require a serial port, a serial 
to parallel register, a parallel to serial register, and a well-known logic circuit to control the transmission of data signals 
to and from interface 20. 

40 Numerous ISPLDs 40 contained on a single board may be independently programmed by individually selecting 

and enabling each of ISPLDs 40. Figure 4 shows such a board 45 containing interface 30 and three ISPLDs 40. Interface 
30 may employ a standard 8-bit port to connect with the programming pins of the three ISPLDs 40 contained on board 
45, where only seven of the eight pins of the parallel port are used: four of the eight bits of the parallel port are connected 
to each of respective pins SDI, SDO, MODE, and SCLK of the three ISPLDs 40, and three of the eight bits of the 

4£ parallel port are individually connected to the ispEN pin of an associated one of ISPLDs 40, as shown in Figure 4, so 
that each of ISPLDs 40 may be individually enabled for programming via its ispEN pin. The remaining pin of the parallel 
port may be used to enable a fourth ISPLD 40 (not shown) on board 45 or, in other embodiments, may be reserved 
for other suitable purposes. Thus, in those embodiments where interface 30 includes 8 wires e.g. employs an 8-bit 
parallel port, up to four different ISPLDs 40 may be addressed by the host system. In some embodiments, where for 

so instance five different ISPLDs 40 are addressed, the parallel port definition may be as follows: 



Table 1 





pin number 


pin assignment 


description 


55 




send 


receive 






0 


SDI/TDI 




serial data in/text data in 
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Table 1 (continued) 



pin number 


pin assignment 


description 


send 


receive 


1 


MODE/TMS 


SDO/TDO 


control mode/test mode select for sending data to ISPLD 40; serial data 
mit/tp^t riata out for rftcph/inn data from ISPLD 40 


2 


SCLK/TCK 




serial clock/test clock 


3 


ispENO 




enable first ISPLD 40 for ISP 


4 


ispENI 




enable second ISPLD 40 for ISP 


5 


ispEN2 




enable third ISPLD 40 for ISP 


6 


ispEN3 




enable fourth ISPLD 40 for ISP 


7 


ispEN4 




enable fifth ISPLD 40 for ISP 



The terminology TDI, TMS, TDO, and TCK is common to JTAG and Boundary Scan Test Access Port (TAP) used 
for in-system programming, and is therefore provided in Table 1 for clarity and convenience. Note that any of the pins 
listed above in Table 1 may be used for both sending and receiving data, as illustrated above by pin 1 . 

Note that in embodiments where it is desired to individually select ISPLDs 40 on a single board, the programming 
software operating within the host device must be updated. A sample algorithm which may be used by the programming 
software operating in the host system is provided below. It is to be understood that this algorithm provided bebw is 
illustrative and that other suitable methods may be employed. 

FOR x=l to 3 

IF X=l 

Set port (xxxxlOOx) 
Program Device #1; 

IF X=2 

Set port (xxxxOlOx) 
Program/ Verify Device #2; 

IF X=3 

Set port (xxxxOOlx) 
Program/ Verify Device #3; 

NEXT; 

A daisy chain of ISPLDs 40 may be programmed using the above described serial interfaces in conjunction with 
software such as ispCODE.C or ispCODE.EXE available from Lattice Semiconductor Corporation. Figure 5 shows a 
board 50 including a daisy chain of three ISPLDs 40a-40c and interface 30, although in actual embodiments a greater 
or fewer number of ISPLDs 40 may be included on board 45. Note that ISPLDs 40a-40c are identical to ISPLD 40 
discussed above. Three of the pins of interface 30 are connected to respective pins SCLK, MODE, and ispEN of ISPLDs 
40a-40c. A fourth pin of interface 30 is connected to the SDI pin of the first ISPLD 40a. The SDO pin of ISPLD 40a is 
connected to the SDI pin of ISPLD 40b, the SDO pin of ISPLD 40b is connected to the SDI pin of ISPLD 40c, and the 
SDO pins of ISPLD 40c is connected to a fifth pin of interface 30. Where interface 30 includes an eight-bit parallel port, 
the remaining three bits may be used for controlling multiple daisy chains of ISPLDs 40. Accordingly, when programming 
a daisy chain such as that shown in Figure 5 in accordance with the present invention, the parallel port definition of 
interface 30 must be changed from that shown in Table 1 to a well known standard parallel format. 

Where it is desired to program one or more of ISPLDs 40a-40c, the signal associated with the ispEN pins of ISPLDs 
40 is asserted so as to enable all ISPLDs 40 in the daisy chain. The first ISPLD 40a is then addressed and programmed 
as described above while remaining ISPLDs 40b and 40c are held in a Flowth rough or Bypass mode. When in Flow- 
through mode, the SDI/TDI pin of ISPLD 40 is connected directly to its SDO/TDO pin. When in Bypass mode, the SDI/ 
TDI pin of ISPLD 40 is connected to the input terminal of an edge triggered D-type register (not shown for simplicity) 
and the SDO/TDO pin of the ISPLD 40 is connected to the output terminal of the D4ype register. Flowthrough and 
Bypass modes may be enabled either by a specific instruction provided to ISPLD 40 or by a combination of signals 
provided on the programming pins of ISPLD 40. After having been programmed, the first ISPLD 40a in the daisy chain 
is placed in Flowthrough or Bypass mode while the second ISPLD 40b in the daisy chain is programmed, and so on 
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until all ISPLDs 40a-40c in the daisy chain have been programmed. 

In other embodiments, multiple ISPLDs 40 may be programmed in parallel to reduce programming time. In such 
embodiments, the programming software operating within the host system must support parallel programming. For 
example, software such as DDOWNLD.EXE, WDOWNLD.EXE, ispATE.EXE and ispCODE.EXE (collectively known 

s in the industry as Turbo programming) available from Lattice Semiconductor Corporation supports parallel program- 
ming and may thus be used. When programming a daisy chain of multiple ISPLDs 40 in parallel, the daisy chain of 
ISPLDs 40 is treated as a single device. During programming, each of the ISPLDs 40 in the daisy chain is clocked to 
a shift state. A Data Shift command is then provided to ISPLDs 40, after which programming data for ISPLDs 40 is 
sequentially clocked into the data registers of ISPLDs 40 via their respective SDI pins. The ISPLDs 40 then enter the 

10 Data Shift State. The Program Data command is then clocked into the ISPLDs 40 of the daisy chain, after which the 
ISPLDs 40 enter the Execute state. A clock pulse asserted on pin SCLK causes data stored in the shift registers of 
ISPLDs 40 to program the EE PROM cells within ISPLDs 40, thereby reprogramming ISPLDs 40. The required pro- 
gramming pulse width time delay is applied to transfer sufficient electrons to the floating gate of the EEPROM cell. 
Once the required programming pulse width time delay (TPWP) has been applied a clock pulse to halt programming 

'5 and clock back to the Shift State is asserted. This process continues until the entire daisy chain of ISPLDs 40 is 
programmed. 

Multiple boards 50a, 50b each including interface 30 and a chain of ISPLDs 40 may be coupled to one another as 
shown in Figure 6 and programmed in accordance with the present invention. Note that although discussed below with 
reference to Figure 6, the teachings of the present invention may be easily adapted to simultaneously program a greater 

20 number of connected boards 50 each having a fewer or greater number of ISPLDs 40. Each interface 30 shown in 
Figure 6 includes a well-known decoder logic circuit which, upon detecting that its assigned address code has been 
asserted by the host system, enables its internal serial controller (not shown for simplicity) for programming. The en- 
abled interface 30 then facilitates programming of ISPLDs 40 associated therewith. Those interfaces 30 not addressed 
by the host system are disabled and therefore inactive. Once ISPLDs 40 associated with the enabled interface 30 e. 

25 g. board 50a have been programmed, the host system disables that interface 30 and then addresses interface 30 
associated with another board e.g. board 50b, thereby allowing programming of another corresponding daisy chain of 
ISPLDs 40. 

Multiple devices including interfaces 20, 30 and ISPLD 40 may be connected in a serial fashion and programmed 
in accordance with the present invention. Figure 7 shows three such device 70a -70c formed on a board 72, where two- 

30 wire serial transmission interface 21 , 22 is connected to and provides programming signals to a first one of devices 
70a via its interface 30. This interface 30 is connected to an associated ISPLD 40 in the manner described above with 
respect to Figure 2. Thus, although shown in Figure 7 to employ a five-wire configuration in connecting interface 30 to 
the programming pins of ISPLD 40 of board 70a, it is to be understood that a configuration having a greater number 
of wires such as for instance a standard 8-bit parallel port may be employed. 

& When programming ISPLDs 40 shown in the embodiment of Figure 7, the host system provides programming data 

to interface 30 of board 70a as discussed above with respect to Figure 2. The serial program data string is received 
by this interface 30, converted to parallel format, and provided to its associated ISPLD 40. After a specific time delay, 
the associated ISPLD 40 transmits the program data in parallel to its associated interface 20 which, as discussed 
above, converts the program data to a serial data string. Once converted to a serial string, the program data is trans- 

40 mitted via single wire 21 to a second one of devices 70b, where the serial string is received and converted to parallel 
format by its interface 30. Data indicative of each of ISPLDs 40 current status such as for instance self-test results or 
programming verification is provided to the host device via wire 22. Although board 72 is shown in Figure 7 to include 
only three of devices 70a-70c, board 72 may in actual embodiments include a greater or fewer number of devices 70. 
Further, any number of boards 72 may be connected together, as shown for instance in Figure 8, and programmed as 

45 discussed above. 

In each of the embodiments described above, the transmission of serial data from the host system to a board 
containing ISPLDs 40, as well as the transmission of data between such boards, has been described in the context of 
a two-wire interface 21 , 22 for illustrative purposes only. In actual embodiments, the transmission of serial programming 
data may be implemented in accordance with any one of numerous transmission schemes. 
50 in some embodiments, a direct physical connection is made between the host computer and PC board containing 

one or more ISPLDs 40. This physical connection may be for instance a twisted pair which allows for two-wire testing 
and programming of ISPLD(s) provided on the board, thereby saving valuable pin resources of ISPLD(s) 40 provided 
on the board. 

Transmitting serial data in a manner consistent with a two-wire transmission scheme advantageously allows phone 
55 lines to be used in such transmissions. Referring for instance to Figure 2, modems may be coupled in a well known 
manner to interfaces 20 and 30, thereby allowing programming data to be used in programming ISPLD 40 to be trans- 
mitted over long distances using phone lines rather than transmission wires 21 , 22. This feature is especially useful in 
remote environments such as when field upgrading a board or system of ISPLDs 40. 
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Wireless transmission schemes may also be used instead of two-wire serial transmission interface 21 , 22 shown 
for instance in Figure 2. When using Radio Frequency (RF) as a transmission technique, the programming data is 
modulated with a carrier signal in a well known manner and then transmitted to a receiver unit coupled to a board 
containing the ISPLDs 40 desired to be programmed. 

s Infrared (IR) technology may also be used in accordance with the present invention to transmit program data from 

the host system to a board containing ISPLDs 40 desired to be programmed. I R transmission of program data may be 
implemented by simply coupling an Infrared Data Association (IrDA) standards compliant transmitter to the host system 
and coupling an IrDA standards compliant receiver to the board in a well-known manner. The IrDA transmitter may be 
initialized by the host system and the IrDA receiver may be initialized by a well known logic circuit coupled thereto. As 

10 long as both the receiver and transmitter are initialized to utilize the same data transmitter rate, other wireless trans- 
mission protocols may be employed. 

While particular embodiments of the present invention have been shown and described, it will be obvious to those 
skilled in the art that various changes and modifications may be made without departing from this invention in its broader 
aspects and, therefore, the appended claims encompass all such changes and modifications as fall within the true 

is spirit and scope of this invention. 

Appendix: Serial Programming Interface Emulation Code 
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MODULE nart 

Title IR ISP Project rev 6.0 

Dan Gardner 

Applications Engineer 

Lattice Semiconductor Corporation 

April 30, l»W 

"VOTES: 

■RBV CO 1* for sales deao device 

"To run at 115,200 baud uae a 7.372MH* cloclc and divider la M 
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15 



20 



25 



30 



35 



"Inputs 



•Output* 



CLOCK 



£01 
SCLJC 
MODS 
ISPS* 

I CS8130 

CS1130*CLK 

PCLK " 

ODTCXJC 

SR0. .SR7 

STOP 

TXD 

C9- .CO 

BS2 . .BS0 
•State Variables 

S VO. . »V3 

COUHXRRSBT 
"Declarations 

COOHT » [C >. .C01 

IWITOQ OgT [BS2 

SR ■ [STOP. SR7. 

ERD - 61/ 

INITBRD - 766; 

UK ID ■ 60 ; 

INXTD • 765; 

HALF • 29 i 

It, C - .X., .C; 

"State Declarations 



pin/ 
pin 97 1 

pin 98 ISTYP 'reg_d'i 
pin 95 1STYPB •reg_d ,, i 
pin 94 ISTYPB 'reg_d'| 
pin 93 ISTYPB Teg_d*; 
pin 90 ISTYP- 'reg_d' ; 
pin 96 ISTYPB 'reg_d'f 
pin 63 ISTYPB 'reg d'j 
node ISTYPB 'regjd 7 ; 
node ISTYPB 'reg^d'/ 
node I STYP - *reg_d'; 
node ISTYPB * reg d' ; 
pin 91 IST YPB ' reg__d' ; 
node ISTYPB * reg_d' i 
node ISTYPB * regjd' : 

node ISTYPB 'buffer reg_d* 
node ISTYPB * reg^d' ; 



. .BS01 ; 
.SRO. TXD) i 



sreg 




[SV0,SVl,SV2.6V3l t 


Reset 




t o . 


0 . 


0 


, 0 ); 


Init 




I 0 . 


0 , 


0 


, 1 ).- 


Send 




[ o , 


o , 




, 0 ); 


Uaitl 




f 0 . 


0 , 




,11; 


Check Start = 


{ 0 , 


1 , 




, 0 ); 


81 to 




t o . 


1 , 




, 1 ); 


Bitl 




[ o . 


1 , 




. o ),- 


fiit2 




t 0 . 


I . 




. 1); 


Blt3 




1 1 . 


0 . 




,01; 


Blt4 




I 1 . 


D 




. 1 J. 


Bit5 




i 1 , 


0 




. 0 ). 


Bit6 




1 1 , 


0 




. 1 J. 


Bit? 




1 1 , 


1 




. 0 ). 


Stop Bit - 


r i . 


X 




. 1 J, 


Undefl 




f 1 , 


X 




. o J , 


ondef2 




I 1 . 


X 




,11, 



"Main Clock 
■Sarial data In 

-iSP SDI 
-ISP SCLX 
-ISP M0DB 
-ISP ISPSM 

-Data or Control node of CS&130 

-React pin of csoiio 

■Clock for CS8130 

-PT Clock for shift register 

•pT Clock for parallel ISP output 

-Shift register. SR7-KSB and SR0-LSB 

"SR Stop bit 

-Serial data out and SR Start bit 
-Clock divider counter 
"Initialisation counter 

-State ea chine counter 
-Clock divider reset 

-Define clock divider counter 
-Define init . counter 
-Define 10-bit serial shift register 
-Baud rate divider {115.200) 
-Baud rate divider (9600) 
■BRD-l for data capture 
-IHITBRD-I for data capture 
-Half a serial cycle 



Equations 
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sreg. elk - O00NTRBSBT; 
ODTCLK.Clk - CLOCX; 
PCLK.Clk m CLOCK; 

COOHT :- {COUNT ♦ l)&l*rea )- Haiti); 
COOHT. Clk * CLOCK; 
COUNT. ar - COOFTRBSBT; 



"Clock State machine with a fast Clock 
-Clock ISP output clock with a fast clock 
-Clock SR clock with a fast clock 

•Sinple counter 
-at fast clock 
-allow PT reset 



GOUHTRKSST.d - (COUNT BRDUtD C) 

I (COOHT IHITBRDTfc ( I D_C) 

I {COUNT mm miTBRD)&(areg -« Reset) 

i (Comnr PLALPlMsreg — Check Start) 

i (RXD " 0)*(D CiKureq — WaltlT; 
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couutrbsbt.clk 



CLOCK; 



•dock reset register with a fast clock 



10 



15 



20 



25 



30 



35 



40 



45 



tKlTCOU»T (XHXTCOCHT + 1) * OX) C) 

t (1.1.0) a (D_C>; 
iHITCOU&T.clk - OUTCLK; 

D C KVBVte&Sgl mm 6) r 
DjC.CLX - CLOCK; 

C8B130 UB8BT :* (sreg I- Reset); 
CS6130>B$ST.cUc * CLOCK; 

CSB130 CUC. 4 « 1CS8130 CLK.q, 
CS8 U0~CLt.dk - CLOCK? 



SDX.d 




SRO.q a 


(O^C) t 


SDI.dk 




OUTCLK; 


SCLK.d 


■ 


SJU.g * 


tpjcti 


SCLK-Clk 




OUTCXJC; 


NODB.d 




SR2.g & 


0>_C) / 


MODE. elk 




OUTCLK; 


iSPEN.d 




BR3.q fc 


tt>_C) 




# 


OD C); 




IS PEW. Clk 




OOTCLX; 





"Shift register definition with parallel load 

STOP.d - RXD a (DC) a (sreg I- Unit * Reset)); 

STOP. Clk - PCLK; 



SfiT.d 
SK7.clk 
SRfi.d 
SRC . Clk 
SRS.d 
SR5-dk 
SR4.d 
SR4 . elk 
SR3.d 
SR3.dk 
SR2.d 
SR2.clk 
SRl.d 
SRI. elk 
SRO.d 
SRO.clk 
TXD-d 



TXD.dk 
ate_dlagram sreg : 



- STOP.q a (sreg l- tlnit II Reset)); 

m PCLK; 

* SR7.q a (sreg i* Unit t Reset)); 

* PCLK; 

- SRC. q a (sreg U Unit • Reset)): 

* PCLK; 

m SR5.q a (sreg 1* 

* PCLK; 

* SR4 ,q a (sreg 1* 

- PCLK; 

m SR3 ,q a (are9 

- PCLK; 

« SR2.q a (sreg I- 

* PCLK; 

* SRl.q a (szeg l- 

- PCLK/ 

» (SRO.q a (area != 

* (D CV 

* (XNXTCOOHT S) a (sr e g — Stop Bit) ; 

* PCLK; 



Unit s Reset)); 
Unit » Reset)); 
Unit # Reset)) ,- 
Unit • Reset)); 
Unit ft Reset)); 
Unit i Reset))) 



state Qndefl: 

goto Haiti; 

state Obndfef 2 : 

goto Haiti; 



state Resett 
TXD.d . 1; 
when COUNT -* 
goto Init; 



700 then PCUt.d « l; 



•ISP output definition from software 



state mit.: Mnitialixe CSU30 registers 

when (INITOOUMT 0) then SR.d - (1,0.0.0,0,0,0,1,1,0); 

when UNlTCOmn* .. i) then SR.d - (i, 0,1,0,0,0,0,1,1,0) ; 

when UHITCOUHT *- 3) then SR.d - (1,0,1,1,0,0,0,1,0,0); 
tfhen UjrircOteTT »» 3) than SR.d » 11,1,0,0,1,0,0,0,0,0); 
when (ISlTCOUMT — 4> then. SR.d • 11,1,0,0,0,0,0,0,1,0); 
when (WlTGOUtrr — S) then SR.d - (1,0.0,0,1,0,0,0,1,0); 
when CDONT INITD then PCLK.d - 1/ 
If (ID O then Send 
else Waiti; 

state Sends 

when COtHiT IWITD then PCLK.d « 1; 



50 



55 



9 



EP 0 806 737 A2 



goto BitO; 
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state Haiti: 

if (KXD »- 0) THEN Che ck_8 tart - ; 

else Haiti; "Got Start bit 

state CheckjStart: 
if (RXD —1) 
then Haiti else 
BjtOi 

state BitO: 

when (COUNT «« GETD) tt (D C) 

# (COUNT •« XNXTD)~6( ID C) then PCLK.d - 1; 
goto Bitl; ~ 

state Bitl: 

when (COUNT « GSTD)6(D C) 

* (COUNT — INITD)"*( ID C) then PCLK.d - 1; 
qoto Bit 2; ~ 

state Bit2: 

when (COUNT «» GETD) fc(D_C) 

4 (COUNT -*» INITD) *{ID_C) then PCLK.d » 1; 
goto Bit3; 

state Bit3: 

when -(COUNT GETD) fc (D C) 

ft (COUNT « XNXTD)fc(ID_C) then PCLK.d - 1; 
goto Bit4 

state Bit4: 

when (count — gbtd)*(d c) 

ft (COUNT «- INTTD) t\ I D__C) then PCLK.d - 1; 
goto BitS; 

state BitS: 

when (COUNT -« GETD) fc (DC) 

ft (COUNT — INITD) *( !D_C) then PCLK.d « 1; 
goto Bit6; 

state Bit€: 

when (COUNT « GBTD) k (D C) 

ft (COUNT — INITDjfcllD C) then PCLK.d - 1; 
goto Bit7; ~ 

state Bit7: 

when (COUNT » GETD) t (DC) 

ft (COUNT =- INITD) L ( 1 D_C) then PCLK.d - 1; 
goto Stop_Bit; 

state Stop_Bit: 

when (COUNT GBTD)fc(D_C) then PCLK.d * 1; 
when (COUNT BRD)fc(D C) then OUTCLX.d ° 1; 
when (COUNT » INXTD) *7iD_C) then OUTCLK-d - 1; 
if DC then Haiti 
else Init; 



■Hait for a start bit 



"False bit detection 

"false start bit 
"good start bit 

"capture serial data 



■Clock SR 
•Clock ISP regs 
•Clock INITCOUNT 
•Hait for next serial byte 
"Send next init byte 
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Claims 

1. A system for programming a programmable logic device, comprising: 

45 

a host system including a signal source, said signal source providing parallel data at an output port thereof: 
a first interface having a parallel port connected to said output port of said signal source and having a serial 
port, said interface converting said parallel data to serial data; 

transmission means having a first end connected to said serial port of said interface and having a second end; 
so and 

a second interface having a serial port connected to said second end of said transmission means and having 
a parallel port coupled to a plurality of programming pins of said programmable logic device. 

2. The system of Claim 1 , wherein said transmission means comprises a coaxial line. 

55 

3. The system of Claim 1 , wherein said transmission means comprises a twisted pair line. 

4. The system of Claim 1 , wherein said transmission means comprises an ethernet line. 
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5. The system of Claim 1 , wherein said transmission means comprises a modem. 

6. The system of Claim 1 , wherein said transmission means comprises: 

a transmitter connected to said serial port of said first interface; and 
a receiver connected to said serial port of said second interface. 

7. The system of Claim 6, wherein said transmitter transmits said serial data to said receiver using radio frequency 
(RF). 

8. The system of Claim 6, wherein said transmitter transmits said serial data to said receiver using infrared radiation 
(IR). 

9. The system of Claim 1 , wherein said first interface comprises an asynchronous receiver/transmitter unit (UART). 

10. A method for programming a programmable logic device, said method comprising the steps of: 

generating program data in a host system, said program data being in parallel form; 

converting said program data to a first serial string according to a parallel-to-serial conversion protocol; 

transmitting said first serial string using a transmission means; 

receiving said first serial string; 

converting said first serial string to parallel program data according to a seriaUo-parallel conversion protocol; 
and 

providing said parallel program data to said programmable logic device. 

11. The method of Claim 10, wherein said transmission means comprises a twisted pair line. 

12. The method of Claim 10, wherein said transmission means comprises a coaxial line. 

13. The method of Claim 10, wherein said transmission means comprises an ethemet line. 

14. The method of Claim 10, wherein said transmission means comprises radio frequency (RF). 

15. The method of Claim 10, wherein said transmission means comprises infrared radiation. 

16. The method of Claim 10, further comprising the steps of: 

generating in said programmable logic device response data; 

converting said response data into a second serial string according to said parallel-to-serial conversion pro- 
tocol; 

transmitting said second serial string according using said transmission means; 
receiving said second serial string; 

converting said second serial string to parallel response data according to said serial-to-parallel conversion 
protocol; and 

providing said parallel response data to said host system. 
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FIG. 3B 
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